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WniYerSity Of California 
Berkeley, Calilornia 94’VO 

me I:ryasl‘sL 3 ini.m,:3 LII uminun hb,Tlt :ihields 
“,““.‘L i r,g ,iL 2OK ill,4 ax i il,ii<ll ii 60 cm dtnmel:er 
Y,I:lil,~,, “l:>:i,~l “ll,lL/ I,*’ illi I<, :hLi:t:l ‘Die cold “i,JX3 *ii 
il,,l,,ortcll Ily ri ‘UL !‘,~r~I:l,/‘,ll~/ ,,l, il.S i/,//h or I’ikr’gl ,,:>li 

* ‘n’,W,k 2, ,,,,, L,l’L,!,, Iby ,:1,: Ii.;:. ,IL,I,,,‘t ./,I ,!,I,, 01 L:rwyy. 

+ l?i~,‘,11.~1,11.11,, acur-isi; I :ihi k:~w-j,j i1rm~l~3.i ma iiizwy 1 ndii;- 
tr‘ik3 I:;,. , Yllliwir lilli, ,Ijj,/ll. 

i 1.1 r,,,.,w:‘.i ,,I, r,t:o:d 7i_ll ::%jll,~,~~llII:t, !:I, v:ii,. 

reinforced plast‘c CFHP, t”brs with nEL!alliC 
junctions. The magnet is free to slide longitudinally 
on foUP OP LhC five post3 to allo” for thermal 
Ci,,,trd~:f.i”“, whiie an,i, I‘esli’aint is providell at the 
ce,,,.*P post hy L’d” iw anchors Wili,?il run at .in 
Jji~l’“nin;iteiy 30 degree angle between the b&SO Of the 
post :an.<* the cold mass. me co13 mass Of one magnet 
is collnected t” the next by a belloW5 assembly viti, a 
dii:“itcr d<,lKiI to the cold m153, yielding a I’esoI1YoLr 
or IUL! li trl‘s Of heI ill:” tbtltuer:” magnets. 
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ll)>,~“l’ illId 1 rwcl- ir,rrr,rr r:Ji I “, :I,>p!‘oxi :n;,t,c, y 60 me into 
the coil cblyond the tdoilhnnn ends, fP”rn oictl encl. 

diplays are provided or 31, .?,‘?rtrir.a, i”d C~YDRPIIIC 
qlJant*ti~s recorded during a quench. 
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itle rnlnnant rieiil in t/v! iron not yet Set, W‘ll 
adeqlrately pt-edict. the heil,“lor or The magnet at hiah 
PieId. Therefore th- mole was 11SCd to nleiisure the 
field quality at 10 n ixrnre the magnet was cooled anti 
at 2000 n with the ,cpet at 4.5x. The manet 14 
approximately 17 m‘?t,ws 1onp while the mh-isurl”~ cot1 
is 0.6, meters, ra<,U,r,“~ l.il(. field to be mIcaswed at 
~8 po~,t,or,~ to COYCI~ the full \ength. ‘rlh~ wntral 26 
points art? in the body fidd region and the two OUta- 
pxiti”“? “hat-actcl-*z.r the end l”iE,dS. 

co, rl “-il7dOm 
-0.8 0.7 
-0.3 u.6 
-0.1 cl’, 
-0.1 0.7 

a, 0.0 -0.1 0.2 
a, “.O 0.0 0.1 
a, 0.0 0.0 “.2 
a, 0.0 0.0 0.1 

b, 0.1 0.1 0.7 
b2 -11.8 -12.5 2.0 
b3 0.0 0.0 0.3 
b* 0.1 0.4 0.7 
b, 0.0 0.0 0.1 
b. 0.2 
b, 0.0 
b. 0.8 

R./I IO.33 
A./B, 4.1 

0.1 0.2 
0.0 o.* 
0.8 0.1 

10.25 G/h 
2.7 mrad 

0.2 
0.1 
0.1 
0.2 
0.02 
0.04 
0.06 
0.1 
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will th‘? first time a map,nrt al this design wa3 
powered, R c911tim13 approach to bringing Lt. to full 
field w3.5 ro1 LOWlld. ‘The curre”L was raisct, in 500 R 
StCpl ntarting From 3000 n and SeYePal Sp”t lleit,er 
q”c”ch*s were i”*llce* at each new CUPPent. Strip 
teatws WePe fired promptly when the q,lrncil wns 
drteclcd WhilC ttlr? dlllnp tr,gger WR1 pl’“~Pc?l:i, “<,l y 
delayed until the magnet absorbed all its own rnwpy. 
mle PDWW supply was phased back promptly in ill, 
canes., i.,“‘ts were placed on YaPlo” q”ant*t*es t.0 
L”J”PP the safety Of the magnet (see Table 3); the 
procedwe was tn tJo modified If It appeared that my 
limit would be exceeded at the next current. 

This program was Carried O”t at CuPrents or 
3000 n and 3500 II. Higher CUPPent “peratinn w.is “at 
PosSible b?cause the J”pePCond”Ct*n~ part Of the 
positive power lead was found t” quench nt 3630 0.. 
me magnet and reeli can have been warmed to POW 
tempePat”Pe to al~low repair Of the P”WW lead 2nd we 
expect 20 brine the magnet to f”ll field in the near 
flltwf?. Table 4 summarizes the 300” A am! 3500 A 
quenches. 

4r 3- 
i- 

2. 
w if 1. 
‘b O- r 

il ~ 

x~rw8..d~JL*ILI\ I”~& 
x..f +;fi 1;. l ,/d\p*qfd 

-31’. * * 1.. . 1.. , 1.‘. ’ * 
-800 -400 0 4”O 8”O 

LWITU)IN*L PoSlTlcN f.rnl 

FigUP. 6. NOPllM cx, and Sk” (.) q”adrUpOle moments 
A9 a function Of p09itioll along the maennt. The 
origin LS at the magnet center and pOslt‘“e positions 
ape towards the lead end. 

Safety limits *or ssc pPOtotype magnet testing 

MI 1’19 I, 10’~R)‘sec 
TOtal lio,tage *ooo ” 
ReSlStiYe “olta~l? 3000 ” 
Interconnect Pre59uPe 150 psia 
Magnet center Pressure 250 psia 
End-to-end i+e9sure Difference 50 psi 
F”PCe on centw Anchor 6OOO lb 

Summary or Quench Data 

CUPPent 3000 3500 A 
Detection Time 0.16 0.12 set 
MII’IS 6.9 7.8 ,o~~A)‘sec 
v max -32 -35 ” 
(IR) 214 max 335 Y 
R max 165 225 mn 
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The bCh.lYi”P of the magnet In the quenche? 
d*-,cussed atlcwe is dominated by the firing or- the 
strip heaters. TO allow the Study Of “natlral” q1,enrtl 
pP”pagatlnn at 3500 A, one quench va3 induced I” which 
the str,p heaber trigger *a9 delayed by 200 ms’zc ;,rter 
the quench “iiS detected. The spot heater used to 
initiate ttli qlremh L1 lacat.ed on T.b Darting piano 
between the lower and upper inner coils and is in 
closer COntaCt with me lower coil. Th”S we t?xpect 
the quench to develop 1a4t L” the upper outer quarter 
coil. Fig. 11 9h”WS the ditrerence in ““ltage betwren 
the tw” o”ter co,, q”wtePS. NO vOltage difference 
rievelo~~ until 160 msec after the quench is det.ected 
when the lower co*1 begins to go normal. we ape t.hlJl 
ame to “SO the llpper OUteP quarter COLl to measure 
dI/dL I” OPdW to extract the resistive components Of 
the ““Itages in the ifl”t?P COllS. (This gives a l,?SS 
“noisy” measure OI dI/dt than does the dI/dt call.1 

1% 
7 
: Feed Return \ j:/( 

.“hio 0.000 0.100 0 
Time (seconds) 

ye )&-g -Il.*00 -0.100 0.200 



Table 5 

Longitudinal and tra”s”ePSe quench velocity data. me 
I”~glt”‘i‘h3l “el”CLtY 1” meters/second has ken 
computed using the mea-aired” resistance of the Lnner 
C”Ll cabl~e Of 36i1.5 “wmtar and norrespond* to the 
velocity Of one end Of the “OPmal zone. 

Lower Inner coil 

I!T”PIIS 
I 

: 
4 
5 

dT”PllS 
1 
2 

Slap nt 
0.4 mwsec 50 msec 
1 .o mn,sec 50 msec 
1.9 mwsec 48 msec 
2.8 mnlsec 46 msec 
4.4 mn/sec -- 

upper Inner Cdl 

slope At 
0.7 m/sea 50 m9ec 
1.6 m*/sec 50 msec 

L ,O”B*t”dinal 
“elm, ty 

5.6 misec 
6.7 m/sac 
8.8 m/set 
9.8 m/set 

12.3 m/%x 

LO”git”di”al 
“elOCity 

9.8 misec 
11.2 dsec 
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riw FOStS and from the bellows at the ends Of 
the cold mass. 
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